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NOTATION* 


l 


Po&lbiv*  diraotion*  of  arcs,  forces,  momenta,  end  angular 
displacements  are  shown  by  arrows . 


Axle 

Force 

In  pound* 

Force 

Coefficient 

Moment 

In  pound -feet 

Moment 

Coefficient 

I 

X 

0X  - Z/qS 

£.  (rolling) 

•«  X/qSb 

D 

D 

Op  • D/qS 
-£  • t/ia 

T 

Y 

M (pitching) 

Om 

■ M/q3o 

L 

L 

CiL  • I7<,3 

N (yewlng) 

cn 

■ N/qSb 

Hinge 

Mr* 

— - — — 

H (hinge) 

cb 

■ H/qto  * 

\ 


/ 


General  .’’yrabols 

5 area  in  square  foot 

c raoar.  aerodynamic  cnord  in  feet 

b span  in  feet 

£ characteristic  length  In  feet 
d diameter  in  feet 

c root-osan-squara  chord  in  feet 

9 

q dynamic  price!sur,‘i  ( pV  /£}  in  pounds  par  square  foot 

V airspeed  in  feet  par  second 

R Reynolds  number  (pV c/m,  p Vi/ji,  or  (Vd/pO 

p moss  density  of  air  Ln  slugs  per  cubic  foot 

(i  absolute  coefficient  of  viscosity  of  air  in 
pound-second  per  square  foot 

Angular  Settings 

a angle  of  attack  ln  degrees  (angle  between  root-chord 
of  wing  and  the  projection  of  the  rolative  wind 
vector  on  the  plane  of  symmetry  of  the  aircraft) 

a*  angle  of  attack  in  degrees  (angle  between  root-chord 
of  wing  anrl  the  longitudinal  axis  of  the  tunnel) 

6 angle  of  pitch  in  degrees  (angle  between  the  aircraft 
reference  line  and  the  projection  of  tho  relative 
wind  vector  on  the  plane  of  symmetry  of  the  aircraft) 

a*  angle  of  pitch  ln  degrees  (angle  between  the  aircraft 
reference  line  and  the  longitudinal  axis  of  the  tunnel) 

♦ angle  of  yaw  in  degrees  (ang1*  between  relative  wind 
vector  and  plane  of  symmetry  of  the  aircraft) 

1 wing  incidence  in  degrees  (angle  between  the  aircraft 
reference  line  and  tne  root-cnord  of  the  wing) 

angle  of  stabilizer  in  degrees  (angle  between  the 
' aircraf  reference  line  and  a reference  line  in  the 
stabilizer) 

Ip  angle  of  fin  in  degrees  (angle  between  the  plane  of 
symmetry  of  tho  ilrcruft  ana  the  fin  reference  line) 

b angle  of  cc>ntr>.  surface  deflection  in  degrees, 

measured  in  a plane  perpendicular  to  the  hinge  line 


Subscripts 

elevator 

a aileron 

T tab  L left 

rudder 

f flap 

t tail  R right 

54AA 
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NOTATION  FOR  NI33ILK 

Positive  directions  of  axes*  forces,  moments , and 


angular  displacements  are  shown  by  arrows 


Y 


L 


NP. 


» 


N? 


0.,  « a 

'a  qT 

n 

Cu  - 

N»  CT" 

fl 


Nfl  (yawing) 


Moment 

Coefficient 


M (pitching)  G ^ I>:h 

a ma  qars* 

a a 


N 


C “ "£ 

no  q!TT 


a s 


£#  (rolling) 
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Additional  Symbol* 

o moan  aerodynamic  chord  ol”  missile  wing  in  feet 

* 

b#  wing  apstn  of  missile  In  feet 

S exposed  area  of  horizontal  or  vertlaal  wing  of  mis- 

* alle  in  square  feet 

x distance  of  missile  forward  of  Initial  carry  position 

in  inches  (distanoe  along  the  armament  datura  plane) 

s distance  of  raisail*  below  initial  earry  position  In 

inohss  (distance  perpondioular  to  the  armament  datura 
plane) 

t used  with  the  ralaalle  coefficient  symbols  as  the 

interference  of  airplane  on  missile  of  the  particu- 
lar component  noted 

WL  distance  above  airplane  horizontal  reference  plane 

in  inches 

BL  distance  from  airplane  piano  of  armme try  In  inohea 

FS  distance  aft  of  airplane  fcranavorse  reference  plane 

in  inohea 

Angular  Settings 

9 raioailo  angle  of  pitch  in  degrees  (angle  between 

* longitudinal  axis  of  missile  and  a plnne  parallel 
to  the  armament  datum  plane;  positive,  nose  up) 

T_  missile  angle  of  ynw  in  degrees  (angle  between 

longitudinal  axis  of  miasilo  end  airplane  piano 
of  symmetry;  positive,  nose  right) 

a mtualle  angle  of  attack  in  degrees  (angle  between 

* longitudinal  axis  of  missile  and  the  projection  of 
the  relative  wind  veator  on  a vertical  plane  through 
the  missile  lorigl tudinal  axis;  pooitivo,  none  up) 

0 missile  angle  of  roll  in  degrees  (angle  between 

* normal  ••force  axis  and  the  plane  of  the  vertical 
wing;  poaitive,  oloekviae) 
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Angular  Settings  (Concluded) 


l wing  lnoldeno#  of  mlasil*  in  degraen  ( angle  between 

wsuba  wiaaile  refarenoe  llna  and  root  chord  of  tha  sniaolla 
win*.  positive  whan  loading  adga  ia  rota tad  toward 
airplane  wing)  (Uaad  with  aubsoripta,  fil'  n2» 


Subaorlpta 


a miaalla 

H. , H-  horiaontal  wing  panala  of  miitaila  with  raiaaile  rolled 
1 2 -4 from  oarry  poaitlon 

V vertical  wing  of  miaaile  with  miaalla  rolled  -liS* 

fro r oarry  poaitlon 
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PART  II  - MISSILES  IN  THE  PROXIMITY  OF  A 0.179-3CALE 
MODEL  OF  THE  Fip-l  AIRPLANE 


by 


E.  K.  Brower 


SUMMARY 

An  investigation  was  made  in  tha  Taylor  Modal  Baa In 
6-  by  10-foot  wind  tunnal  on  a 0.17-eoala  modal  of  tha 
XAAM-N-ii  Oriole  mlaalla  in  tha  proximity  of  a 0.179-aoala 
model  of  the  r!jD-l  airplane.  A comparison  1§  presented 
with  s similar  test  on  a modal  o?  the  XAAM-S-2  Sparrow  I 
missile  to  determine  the  app] ieability  of  Intarfaranoa  data 
from  one  missile  to  another. 

In  the  launch  condition,  the  longitudinal  in- 
stability of  the  Oriole  mlaalla  increased  over  that  of  tha 
missile  alone.  The  instability  of  tha  mlaalla  at  the  out- 
board atatlon  is  not  as  great  aa  at  tha  inboard  station, 


CONFIDENTIAL 


I 


-2 


CONFIDENTIAL 


reaching ; * missile-alone  value  of  stability  in  approximately 

one-half  the  dlatanoe  forward  that  It  took  at  the  inboard 

station,  A differential  missils^win,';  incidence  of  k° 

% 

Increased  the  rolling-moment  coefficient  by  0.0k  at  the 
' trry  position  at  both  the  inboard  and  the  outboard  stations; 

’ however,  forward  of  the  carry  position  the  Increase  was  0.02 
Inboard  and  0.0 3 outboard.  Owing  to  the  proximity  of  the 
two  mounting  atatlona,  there  was  a considerable  effect  on 
the  latersl-forae,  yawing-moment,  and  rolling-moment 
coefficients  of  the  missile  whan  another  missile  was  at  the 
adjacent  station.  The  airplane  minimum  drag  was  lnorsased 
0.004  by  the  addition  of  four  missiles, 

A comparison  of  the  interference  on  the  Oriole 
ar.d  Sparrow  shows  good  correlation  of  ncrmal-f oroe  and 
pitching-moment  coefficients.  The  lateral-force  and  yawing- 
moment  coefficients  are  a rather  poor  comparison;  however, 
in  all  oasee  the  agreement  improves  as  the  distance  from 
the  wing  lnoreeaea.  The  rolling-moment  coefficient  provides 
the  beat  correlation. 

INTRODUCTION 

In  flight  teats,  trouble  has  been  experienced  In 
the  firing  of  air-to-slr  guided  missiles.  It,  therefore, 
became  advisable  to  oonduot  a series  of  wind-tunnel  tests  to 
determine  the  cause  of  the  trouble  and  a means  of  correction. 
Testa  were  made  on  a model  of  the  XAAM-N-2  Sparrow  I missile 
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to  determine  th©  missile  characteristics  in  th#  proximity 
of  several  airplanes  (References  1,  2,  and  3)  . In  order  to 
determino  whether  a correlation  could  bo  made  of  the  effect© 
of  a specific  airplane  on  similar  mlaaileo,  th©  Bureau  of 
Aeronautics  requested  testa  (Reference  4)  of  th©  XAAM-N-!i 
Oriole  ml  anil©  In  th©  proximity  o^  these  some  airplane.”..  Th* 
roaulta  of  testa  of  a model  of  the  Oriola  in  the  proximi  ty  or 
a model  of  the  F3H-1  airplane  and  a comparison  of  th©  alrpian. 
interference  affects  on  the  two  missiles  are  presented  in 
Reference  This  report  oovers  the  characteristics  of  the 
XaAM-N-4  Oriole  missile  in  the  proximity  of  an  FqD-l  air- 
plane and  a comparison  of  the  airplane  interference  effects 
of  th©  F4D-1  on  th©  Sparrow  I and  Oriola  mitsilee,  Th© 
basic  data  of  th©  Sparrow  I in  th©  proximity  of  th©  FljD-1 
are  given  in  Reference  2. 

The  tests  wera  conducted  during  November  and  Decem- 
ber 19^3.  Advanoa  oopies  of  these  data  war©  sent  to  the 
Bureau  of  Aeronautics.  National  Advisory  Comml tt©*  for  A©ro- 

4 A a Cl  m««  fi  «» **  ©«»  Mm©  1 1 ©»•©  T3  imI  • m A 4 * ••  **  Z'  i 

• •MMwaw  w | i j v*  j 1 vow  wpu  u v & | * v 4 n w * wi  t j oww^,  *14  l Ui  at  w 

Company,  Olenn  L.  Martin  Company,  and  tha  Naval  Air  Min nil© 
Test  Canter  shortly  after  completion  of  the  testa, 

MODEL 

A 0.179-soale  model  of  th©  F40-1  airplane,  design©*! 
and  constructed  by  tha  Douglas  Aircraft  Company  waa  used  for 
*‘hesa  teats.  Principal  dimensions  sra  shown  in  Figure  1. 
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A 0.17-soale  model  of  the  Oriole  missile  vts 

designed  and  built  by  the  HB  and  is  fully  described  in 

Part  I of  this  report.  A two- view  drawing  of  the  missile 

is  shown  in  Figure  2 and  a oloee-up  photograph  in  Figure  3; 

other  pertinent  information  Is  given  in  Table  1.  The  missile 
« 

model  was  counted  under  the  left  wing  panel  of  the  airplane 
on  a five- component  strain-gane- type  balance,  which  measured 
•11  mi selle  forces  and  moments  except  axial  force.  For 
most  of  the  tests  the  balance  and  jalseils  were  supported 
from  e sting  mounting  rig  attached  to  the  eft  end  of  the 
fuselage  (Figure  ?±)  , This  permitted  positioning  the  raisaile 
in  several  looatione  forward  and  below  tlie  airplane  wing 
from  the  initial  or  oarry  position  to  obtain  the  effect  of 
the  airplane  on  the  missile  through  the  launch  area.  All 
movement  was  with  respect  to  the  carry  position  and  parallel 
and  perpendicular  to  the  armament  datum  plane.  The  armament 
datum  plans  was  at  an  angle  of  -U°  to  trie  plane  of  the  wiiig 
chord.  Figures  5 end  6 show  this  type  of  mounting  at  both 
the  inboard  and  outboard  stations  and  the  coordinates  of  the 
carry  position  ere  given  in  Table  2.  Angular  control  wes 
possible  in  only  one  plane  while  pitching  or  yawing  the 
missile.  It  was  nocosaary  for  the  angl>  in  the  other  plan* 
to  be  zero. 

A few  tests  were  made  with  the  balance  mounted 
directly  on  the  wing  by  means  of  a steel  braoket  enclosed 
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in  * pylon.  The  purpose  of  the##  tests  wse  to  determine  ftn 
optimum  cmrry  position  by  testing;  ftn  envelop#  of  positions* 

At  both  the  inboard  and  outboard  stations  the  envelope  formed 
ft  trftpesoidel  are*  as  outlined  by  the  center-of-gravlty  loca- 
tlons  In  Figure  7.  The  fifth  oenter-of -gravity  location 
tested  at  each  station  (1  and  6)  was  an  arbitrary  point  within 
the  envelope  which  corresponded  roughly  to  the  carry  position 
used  for  the  sting-mounted  or  launching  tests.  Figure  6 
shows  a typical  Installation  of  thla  type.  The  various  mis- 
sile oenter-of-pravity  locations  Ir.  tern#  of  airplane  PS,  VfL, 
and  **L  are  given  In  Figure  1 and  Table  2. 

Three  non-lnstrumented  dummy  missile  models  were 
used  to  obtain  Interference  effect*  due  to  the  proximity  of 
the  mlasiles  end  the  effect  of  four  missiles  on  the  airplane. 
These  models  were  made  of  lamina t«d  mahogany  with  fiber- 
glass wings  end  tall  fins.  They  were  used  only  when  two  or 
four  missiles  were  mounted  tc  the  pyiont. 


TESTS 


The  tests  were  conducted  in  the  7r*i>  i - by  lo — r go c . 


closed  throat,  atmospheric  Wind  Tunnel  1 si  e dynamic  pres- 
sure of  00.0  pounds  per  square  foot.  This  corresponds  to 
an  airspeed  of  123  wnota  end  a Reynolds  number  of  4,170,000 
for  the  airplane  based  on  a wing  mean  aerodynamic  chord  of 
3.2^9  feet.  The  missile  Reynold*  number  was  211,000  based 
on  a missile  wing  mean  aerodynamic  chord  of  0.160  foot. 
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A missile  angle-of-attaok  range  of  -U®  to  12® 
was  used  for  the  teats  of  the  Oriola  «'  cr.s . Ill  other  tests 
were  mads  with  an  airplane  angle  of  attack  of  -2*  to  I*'9, 

Trie  range  of  missile  pitch  and  yaw,  e and  ? . was  -6® 
through  6*.  Each  missile  wing  was  independently  variable 
fro®  -12®  to  12®.  The  missile  was  always  rolled  4£*. 

Soam  runs  were  made  with  the  airplane  yawed  3*  and  *3°. 

The  control  surfaces  of  the  airplane  were  looked 
in  the  neutral  position  for  all  testa. 


RESULTS 


The  results  are  presented  in  the  form  of  non- 
dimensional  aerodynamic  ooeffioienta  of  the  miscile  and 
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missile  alone.  Five-component  missile  oharaoterlatlos  are 
presented  in  Figures  1G  through  21  and  t he  airplane  longi- 
tudinal characteristics  in  Fiirure  22.  The  data  e*e  referred 
to  the  system  of  axes  shown  In  the  notation  with  the  center 
of  gravity  of  the  missile  and  airplane  as  shown  in  Figures 
1 and  2.  The  missile  coefficients  are  based  on  the  exposed 
area,  mean  aerodynamic  chord,  and  span  of  the  miscile  wing. 
Airplane  coefficients  were  baaed  on  area,  span,  and  mean 
aerodynamic  chord  of  the  PUD-1  wing.  The  missile  wing  inci- 
denoa  was  aero  for  all  tests  exoapt  those  of  Figures  13  end 
16.  The  teats  made  with  the  sting  mounting  ware  made  with 
a pylon  on:  Pylon  1 at  the  inboard  station,  and  Pylon  6 at 
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the  outboard  station,  unless  otherwise  noted.  A comparison 
of  the  airplane  interference  effects  on  the  Oriole  and  Spar- 
row I Missiles  la  presented  in  Figures  24  through  33. 

Table*  3*  U,  and  $ present  a teat  schedule  of  the  result* 
showing:  where  the  various  condition*  may  be  found  In  the 
curve*. 

Ko  Jet-boundary  corrections  were  applied  to  the 
mlsalle  coefficient*,  the  airplane  data  were  corrected  for 
tare  and  interference  of  the  support*  and  trj  the  following 
Jet-boundary  correction*: 

da  *•  1.546  CL 

dCD  - 0.0270  cL* 

AC  * 0 

mu 

Th*  drag  coefficient  was  also  oorreoted  for  th# 
static  pressure  gradient  by  the  addition  of  an  Increment 
of  0.0007.  the  dynamic  pressure  was  corrected  during  the 
t«*t  for  model  blockage. 

DISCUS 5 tom 

The  aerodynamic  characteristics  of  th#  XAAW-N-4 
Oriole  nissile  model  alone  are  shown  in  Figure  9«  For 
this  test,  the  missile  sting-mounting  system  was  similar  to 
that  used  for  mounting  on  the  airplane.  The  Oriole  is  of 
symnetrioal  design;  therefore,  the  displacements  in  pitching- 
moment  and  yawing-moment  coefficients  at  aft  * 0*  are  assumed 
to  be  due  to  the  mounting  rig. 
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OHIOLE  08  P4D-1  --  A composite  plot  of  the  raiaailc 

characteristics  at  the  inboard  station  for  various  distances 
forward  and  below  the  wing  with  0 .•  T ■ 0°  la  presented  in 
Figure  10.  The  Oriole  is  unstable  In  the  launch  condition 
for  all  positions  tested}  however,  it  becoaes  more  stable 
as  the  distance  forward  and  below  the  win#  incrosses.  At 

lfi.36  inches  forward  of  the  carry  position,  dC  /da  Is 

ms 

approximately  the  sane  for  all  positions  below  the  wing  and 

for  the  nisslle  alone.  Oenorally  dC?<  /da  increases  with 

e 

increasing  distance  from  tho  wing.  The  yawing-moment  coef- 
ficient approaches  cere  as  tho  missile  moves  away  fron  the 

t 

wing.  The  rolling  moment  coefficient  ta  quite  high  while 
in  the  influence  of  the  pylon  and  daoreaaes  to  approximately 
sere  it  it  ■ 19.  36  inches. 

At  the  inboard  * tat  Ion  t dC^  /da  lncreeses  from 

s 

0,11  at  x - 6.12  to  0.19  at  x - 15,36  with  s - 0.  The 
pitching-moment  coefficient  over  tne  same  distance  shows 
small  change  per  degree  of  6.  (Figure  11)  * The  normal- 
force-coefficient  slop#  Increases  even  more  as  th*  diatanoe 
below  the  wing  increases. 

The  teats  with  the  missile  yawed  (Figure  12)  show 
that  the  tail  fine  have  an  effect  especially  in  dose  prox- 
imity to  the  fuselage.  The  dCy  /df^  is  always  larger  through 
the  negative  yaw  range  except  at  the  carry  position.  The 
yawing-moment  coefficient  becomes  more  negative  with  in- 
creasing distance  forward  of  the  oarry  position  to  x * 13.26 
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inches  at  a « 0".  At  x ■ 18.  16  Inches  forward,  C reverse# 

na 

and  becomes  slightly  war#  poeitive  at  all  yaw  snglea.  The 
dCR  /da  Increases  from  a negative  to  a positive  value  •* 

m ^ 

the  x-dlstartc#  Inores*©#. 

Figure  I)  presents  the  variation  due  to  missile 
wing  incidence  at  various  station*  forward  of  the  carry 
position  and  two  angles  of  missile  pitch*  A differential 
wing  setting  of  t4*  has  the  maximum  effect  on  the  rolling- 
Biojoent  coeffloient  at  the  carry  position,  approximately 
0 .Oft  Ci  , which  decreases  rapidly  to  0.02  as  the  distance 

9 

forward  increases.  In  ail  case*  the  increment  is  independent 
of  the  airplane  angle  of  attack,  A wing  incidence  Betting 

equal  on  all  four  wirvge  produce*  a 30^  /M^  of  about-  Q.D^1? 

• e 

at  the  carry  poaition.  As  the  distance  forward  increases, 

dCa  /di  become*  less  linear  especially  through  the  posi- 
m n 

tive  incidence  range  {Plgure  13g)  * At  ■ 6*,  dC^  /di^ 

• 8 

heoomes  non-linear  closer  to  Hie  oarry  position.  The 
increment  of  pltohing-noment  coefficient  due  to  1^  is 

5 

about  equal  through  the  wing-inc idence  range,  12*  to  -12*, 
and  at  all  missile  locations. 

The  effects  on  the  sting -mounted  mlasila  of  air- 
plans  ysw  and  a pylon  are  shown  in  Plgure  l.\  for  the  inboard 
atation.  At  the  oarry  position  and  ? “ 0*,  the  presence  of 

the  pylon  increases  dC  /da  from  0.0008  to  0,014$  and 

4 a 

decreases  dC  /da  from  -0.0 362  to  -0,Q$06.  The  Increment  of 
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C per  degree  of  yew  i«  larger  through  the  positive  than 

n» 

through  the  negative  range  both  with  end  without  the  pylon. 
This  a«un©  characteristic  la  present  with  the  irt la* lie  as  far 
from  the  airplane  wing  as  x « 4*08  Inches,  x « 0 Inch  and 
z » 2.0!i  inches,  x ■*  10. 36  Inches.  Lateral  foroe  showed 
small  variation  due  to  airplane  yaw  at  the  three  missile 
position*  tested. 


The  testa  at  the  outboard  station  were  similar  to 
these  for  trv  inboard  station.  Figure  lp  presents  the  com- 
parative results  at  various  distances  forward  and  below  the 
oarry  position  for  6 * f * 0*.  The  interference  of  the 

FiiD-l  on  the  Oriole  missile  at  the  carry  position  and  the 
outboard  station  increases  the  longitudinal  instability  of 


the  snissil«.  The  longitudinal  stability  ha  noma  a approxi- 
mately equal  to  that  of  the  missile  alone  it  x «*  d.lB  Inches* 
As  would  be  expected  the  rol 1 ing -moment  coefficient  is 
greater  outboard  then  inboard*  The  trends  and  changes  due 
to  increasing  r distance  are  essentially  the  asms  as  at  the 
inboard  station*  Longitudinal  instability  deoreaae*  wi Ih 
increasing  distance  below  the  wing. 


The  results  of  tlic  missile  tests  due  to  missile 
pitch,  yaw,  and  wing  Incidence  at  th«  outboard  station  ire 
presented  in  Figures  16,  17,  ami  16*  Missile  pitch  causes 
results  similar  to  thoss  at  the  inboard  station;  however, 
6C  /d0_  snows  lass  variation  with  distance  forward  at  the 

R»  S 
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outboard  station.  At  distances  of  13.26  and  18.  36  inches 

forward  of  the  carry  position,  dO  /dfl  increases  with 

a a 

increasing  0 . Forward  of  the  carry  position  tho  forces  on 
th«  mlnallo  at  the  outboard  station  are  vory  similar  to  those 
on  it  at  the  Inboard  station.  A differential  mi nn lie-wing 
incidence  of  ±U°  at  the  carry  position  gives  approximately 
fcho  aamo  amount  of  rolling-moment  .Increment  as  at-  the  inboard 
station.  This  decreases  to  O.O3O  at  18,36  Inches  forward, 
which  is  only  half  nu  much  a decrease  as  at  the  inboard 
station.  The  rolling-moment,  coefficient  in  larger  outboard 
than  inboard.  Tho  result*  of  equal  wing  incidence  on  the 
normal-force  coefficient  are  approximately  the  name  as  ut 
the  inboard  station. 

Tho  affect  of  a pylon  (Figure  19)  on  the  rolling- 

moment  coefficient  at  the  outboard  station  la  slightly 

greater  than  at  tho  Inboard  station.  Without  the  pylon, 

DC  /da  is  -O.OOOfi  in  comparison  to  n.nooh  at  the  Inboard 
* .1 

station.  The  dCt  /da  with  tho  pylon  on  Is  the  acme  at  beth 

3 

statlona.  The  rolling-moment  coefficient  is  more  positive 
outboard.  Again  tho  of l'ect;  of  airplane  ynw  varies  little 
in  general  trend  from  the  inboard  station. 

For  use  in  determining  the  carry  position  for  the 
missile,  four  locations  were  tested  inboard  and  outboard 
as  described  under  "Model.”  These  results  are  presented  in 
Figure  20. 


1 
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i 
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Figure  21  preaentn  the  results  of  tenta  to  deter- 
mine the  Interference  of  a uocond  mlaalle  at  the  adjaoent 
station*  In  both  cases  there  waa  an  effeot  on  the  lateral- 
force,  yawing-raoment,  and  rc lling-moment  coefficients.  The 
second  missile  decreased  the  lateral  force  and  caused  an 
effective  deflection  of  the  air  flow  In  tho  area  between  the 

missiles  Increasing  G at  the  Inboard  station  and  decreasing 

na 

It  at  the  outboard  station.  The  rolling-moment  ooeffloient 
of  the  inboard  missile  was  reduced  with  a missile  outboard. 
The  rolling-moment  coefficient  of  the  mlaelle  showed  a 
reduction  In  slope  with  airplane  angle  of  attack  due  to  the 
second  missile.  As  can  be  seen  in  Figure  1,  the  two  missiles 
are  In  close  proximity  apanwiaa  and  at  the  same  chord-wise 
position  rather  than  at  a oonatant  percent  of  the  wing  ohordj 
thorefore  a rather  large  interference  should  be  expnoted. 

The  drag  increase  of  the  airplane  oaussrt  by  four 
mlaslloa  la  shown  In  Figure  22  for  both  the  in/erted  and 
erect  H.cdal  conditions.  The  support  system  necessitated 
having  the  tail  off  whan  the  mudel  was  inverted;  hovevar. 


with  the  tail  on  and  tho  model  ereot,  0 


i) 


was  lnoressed 


min 


only  0.0G2  over  the  tall-off  configuration.  Tho  addition  of 
the  four  ml  sal lea  gave  a drag  increment  of  0.004.  The 
increase  in  and  deoreana  In  longitudinal  stability  are 
small. 
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COMPARISON  OF  ORIOLF  AND  SPARROW  I MI33JTjES  — A com- 
parative sketch  of  the  Oriole  missile  and  the  Sperrov  I 
missile  le  given  as  Figure  2).  The  Oriole  haa  a shorter 
body  length,  larger  body  diameter,  smaller  exposed  wing  area, 
and  larger  tail-fin  area  than  the  Sparrow  I.  A comparison 
of  the  Fi|l>-1  airplane  interference  effects  on  the  two 
missiles  was  made  to  determine  whether  or  not  the  inter- 
ference effects  on  a missile  are  dependent  on  missile  design 
and  what  correlation  can  be  made  for  various  designs.  The 
comparative  data  are  presented  in  Figures  2k  through  33,  for 
the  various  components  as  functions  of  distcnoe  forward  of 
the  oarry  position  and  missile  angle  of  attack.  Because  of 
the  lack  of  data  from  the  Sparrow  I tests  the  comparison  is 
omitted  it  1 * 1.02  Inches  inboard  station.  Interference  is 
calculated  as  the  value  of  the  coefficient  in  the  pretenoe 
of  the  airplane  minus  the  value  of  the  missile-alone  coef- 
ficient, It  should  be  noted  here  that  the  interference  pre- 
sented includes  the  effect  of  the  airplane  on  the  raountir^; 
rif-  TV**  magnitude  and  variability  of  this  effect  with 
pitch  angle  are  not  known;  however,  they  are  assumed  to  be 
smell.  Por  all  component*  the  correlation  improve*  as  the 
distance  from  the  wing  lnoreases  both  forward  and  down. 

Figure  21*  presents  the  interference  of  the  air- 
plane on  the  normal-force  coefficient  of  the  missiles  plotted 
against  distance  forward  of  the  oarry  position  for  high 
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and  low  airplane  angle  of  attack  at  « * 0*.  'Hi©  agreement 

between  t h©  Oriel©  and  tha  Sparrow  at  the  outboard  atation 
la  rery  good  at  th©  low  airplane  angle  of  attack;  even  so, 
Iraprorement  can  be  noted  with  increasing  distance  below  the 
wing.  At  the  high  airplane  angle  of  attack  th©  agreement  at 
the  outboard  station  la  not  good.  For  the  inboard  atation 
there  ie  considerably  less  difference  in  the  degree  of 
correlation  at  high  and  low  airplane  angles  of  attack.  Whan 
compared  on  the  basis  of  missile  angle  of  attack  (Figure  2>) , 
t.  s best  correlation  Inboard  and  outboard  la  at  a£  lets  than 
0#,  The  agreement  is  poorest  from  ■ 2r  through  a*  in 
close  proximity  to  the  wing. 

Airplane  interference  on  the  missile  pitching* 
moment  coefficient  is  presented  in  Figures  26  and  27,  Aa 
was  the  case  with  the  normal-fore©  coefficients  the  out- 
board station  prorides  the  beet  correlation  at  the  low  air- 
plane angle  of  attack.  At  high  airplane  angles  of  attack 
and  in  close  proximity  to  the  wing  the  missile  pitohlng- 

Rosvn v u Os i j.  ic  * ts u v ■ v w ci  ti V?  u,  v v.t  «v  ths  Inboard  w t«ti on | 

at  z * 2.0(|  the  correlation  at  the  outboard  station  ie  again 
better,.  The  comparison  versus  missile  angle  of  attack  is 
very  good  especially  at  16. 36  inches  forward  of  the  carry 
position.  Again  the  Interference  at  the  outboard  station  is 
mors  nearly  equal  for  the  two  missiles  than  at  the  inboard 
station. 
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The  airplane  interference  on  tha  1st srsl-f t-roe 

coefficient  {Figures  26  and  29)  is  rather  high  for  both 

missiles;  however,  the  AC Y on  tha  Spas-vow  is  alvaye  less 

a 

than  on  the  Oriole.  At  high  angles  of  attack  the  correlation 
between  the  missiles  la  very  poor*  From  Figure  29  it  la 
apperent  that  the  degree  of  the  correlation  does  not 
appreoiably  vary  with  missile  angle  of  etteck. 

The  Interference  <*n  the  yawing -moment  coefficient 
{Figure  30)  lndioate*  the  same  trends  for  both  mleailea.  In 

e 

aost  oaeee  there  la  an  alieoct  constant  difference  in  inter- 
ference between  the  Oriole  and  Sparrow  over  the  id  inohee  of 
forward  travel  tested*  At  the  low  angle  of  attack  the 
numerical  correlation  la  poor  end  the  Interference  of  the 
Inboard  and  outboard  stations  of  one  missile  ere  In  closer 
agreement.  A large  differenoe  between  the  Interference  of 
the  two  missiles  at  the  high  airplane  angle  of  attaek  la 
ahovn  In  Figure  3)* 

IV  InUrfaiwno*  of  the  FllD-1  an  tha  rolling* 
moment  coefficient*  (Figure  3*1  or  c'ne  two  micellae  i»  high 
at  the  carry  position  end  decreases  witn  increasing  diatanoe 
forward  until  it  approeohea  aero  at  about  x m 1$  inohes  for 
the  low  alrplane-angle-of-attacii  condition.  At  the  high 

airplane  angle  of  attack,  AC  is  very  high  at  x * 0 Inch* 

1 e 

especially  for  the  Oriole  outboard , end  approaches  zero  at 
17  inohee  forward  of  the  carry  position.  At  z * 2.04  inches 
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for  both  high  and  low  angle  of  attack,  A c in  lens  than 

9 

0 .01  and  shown  little  ohange  with  Increasing  diotance  for- 
ward* In  most  canon  thorn  in  very  small  variation  with  mia- 
ailo  angle  of  attack  at  a « 0°  and  6°  (Figure  33)  • 


CONCLUSIONS 

1.  The  interference  of  the  FljD-1  Increased  the 
longitudinal  Inatebility  of  the  Oriole  misr.llo  at  the  carry 
position.  Miaaile-alone  stability  wan  approached  at  18.36 
Inches  forward  for  the  inboard  station  and  9.16  Inches  for- 
ward for  the  outboard  atation. 

?.,  A differential  misnile-wing  incidence  of  4° 

increased  C from  0.02  to  0.04  depending  on  distance  forward 

la 

* ^ VW.fi  A W r\M  vt/4  • V n V I nw  «i  m/4  P ^ fi w A A 1 V*  A A I * a V 4-  V>  — a««  W a*  m4 
« v wuw  xciu  wm  u a vn  wx  vu  miu  & & win  v ^ u w w n u V 1 10  vu  vuw»a  u 


station. 


3.  The  presence  of  the  pylon  Increased  the  rolling- 


moment  coefficient  greatly  at  the  carry  poaition.  The  in- 
crease was  greater  at  the  outboard  station  owing  to  span- 


vlao  flow. 


n nuisut  at  \,ue  aujacenc  ssetior.  proauoeo  a 


large  effect  on  lateral-force , vawlng-moment , and  rolling- 
moment  coefficients  beoauno  of  the  proximity  of  the  two 


missiles. 


% . There  was  an  inorenae  of  0 .004  in  0. 


the  airplane  with  the  addition  of  four  missiles. 

6.  The  Interference  correlation  of  the  F40-1 
airplane  on  the  normal-force  and  pltohing-moment  coefficients 
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of  the  Oriole  and  Sparrow  miasilen  was  generally  flood. 

7.  The  agreement  of  the  interference  on  the 
lateral-f oree  and  yawing-moment  coefficients  was  rather 
poor.  Some  difficulty  might  he  experienced  In  predicting 
this  interference  on  ether  ninnlles. 

f) . The  interference  on  the  miaaile  rollinp- 
moment  ooef f lclentu  showed  the  beat  correlation.  The  effects 
of  the  pylon  at  the  oarry  ponition  wore  slightly  unpre- 
dictable . 

Aerodynamics  Laooratory 
David  Taylor  Model  Basin 
Waahinpton,  D.  C. 

August  191>1| 
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TABLE  1 

Principal  Dimensions  end  Da ta  for  tho  XAAM-N-4  Oriole  Missile 


Component 

Item  0.1?-3oal© 

Full-Scale 

Body 

Length  in  inches 

23.46 

130.00 

Diameter  in  inohes 

*1.  87 

11.00 

Wing 

Exposed  area  (horizontal 
or  vertical)  in  square 
feet 

0.0574 

2.00 

Span  in  feet 

0.549 

3.^3 

MAO  in  feet 

0.165 

0.97 

Airfoil  section 

4>  double 
wedge 

4 % double 

wedge 

ijn»(k  ratio 

2.65 

2.65 

Incidence  range  (horizon- 
tal) in  degrees 

±12 

±16 

Inoidenoe  range  (vertical) 
In  degrees 

±12 

±20 

Tall 

Exposed  area  (horizontal 
or  vertloal)  in  square 

feet 

0 .065 

2.25 

Airfoil  section 

2.  6#  double 
wedge 

2S6?  double 
wedge 

Aspect  ratio 

0.90 

0 *) 

Center**of-gravlty  location 

F3  14.67 

PS  86.  30 
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TABLE  2 

♦ 

Center-of-Gravity  Locations  of  Missile  Model  for  Various 
Mounting  Positions  in  Terms  of  F4D-1  M'-viel  Stations 


i 


Inboard  Station 


L . 

P3 

_ i ... 

WL 

i 

BL 

Sting  ; 

51.5? 

t 

-5.31 

16.26 

Pylon  1 

51.43 

-5.27 

16.  31 

Pylon  2 

1*3.'  4* 

-4.  34 

16.24 

Pylon  } 

48. 63 

1 

1 

-6.  34 

1 

16.  28 

Pylon  4 

51.  46 

i 

1 

O 

m 

IV) 

-J 

16.  29 

Pylon  5 

51.47 

i 

_ 1 

-4.34 

j 

i 

16.  30 

• 

Outboard  Station 

Mounting  *-■ — 

* 

PS 

1 

A 

1 

WL 

4 

tiL 

, Sting 

51.49 

-4.  90 

22.  81 

Psion  6 

51.50 

f 

-4.01 

j 

2?. 97 

j Pylon  7 , 

50.70 

-4.22 

22.  90 

' Pylon  0 

50.53 

-5.50 

22.96 

1 Pylon  o I 

1 \ 

54.63 

f 

-5»  64 

22.  38 

\ 

^ Pylon  10 

54.6} 

1 

it 

-4.41 

J 

22.92 
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TABLE  j 


Outline  of  Tents  and  Index  of  Tent  Results 


Variation  of  Missile 
Angle  of  Attack 

t - 

- - * 

Missile  alone 


Character! atlcs  With  Missile 
Teat 


~i 

PIgure 

9 


Variation  of  Miaslle  Characterlatlcn  With  Airplane 
Angle  of  Attack  (Minalle  in  Proximity  of  Airplane) 

Tent  1 Figure 


Kiaaile  positions  ahead  of 

carry 

poaition 

• 

P 

1 

▼-0°.  t -0% 

© “0®,  z*0" 

O 

\ 

Inboard 

a tat  ion 

10 

x-0w  ,3.06"  ,6 

,12H ,13.26" ,18 

• 36"  J 

outboard 

a tat ion 

15 

Effect  of  missile  pitch;  T 

» 0°, 

¥ * 0° 

0 

e 

1 x 

7. 

1 ' 

in  degrees 

in  Inches 

in  inches 

3 tatl  on* 

6,3.0 

6.12 

0 

In. 

11a 

6,3.0 

6.12 

0 

Out . 

16  a 

6.3.0 

9.10 

0 

In. 

lib 

6,3,0 

9.10 

0 

Out . 

16b 

6.3.0 

13.26 

0 

in.  ; 

He 

6,3,0 

13.26 

0 

Out . 

16o 

6. 3.0. -3,-^ 

| 

IO.36 

0 

In. 

lid 

| 6,3,0,-3,-S 

IO.36 

0 

Out . 

16d 

| 3, 0,-3 

6.12 

1.02 

In. 

lie 

6.12 

1 .02 

Out . 

ioe 

3, 0,-3 

9.10 

1.02 

In. 

Ilf 

0 

1 

< 

O' 

13.26 

1.02 

In. 

Ug 

1 0,-3, -6 

13.26 

1,02 

Out. 

I6f 

6,3,0 ,-3,-6 

10.16 

1.02 

In. 

llh 

6 , 3 ,0 ,—  3 ,-6 

10.36 

1.02 

Out . 

16g 

! 6 , 3 ,0  ,-3,-6 

0 

2. 0!| 

In. 

111 

6, 3, 0,-3, -6 

0 

2.04 

Out . 

16h 

6,3*0  ,-3,-6 

6,12 

1 

2.04 

In, 

Hj 

6, 3, 0,-3, -6 

6.12 

| 

2.04 

Out. 

161 

In.  refers  to  the  inboard  station*  PF,  « 16.26 
Out.  refers  to  the  outboard  station.  BL  * 22.8? 
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TABLE  3 (Continued) 


Ta-rt 

Figure 

Fffeot  of  ..lssile  pitch;  f ■ C 

)°,T„  * 0°  (Oontlnuod) 

J5 

in  degrees 

X 

In  Inches 

X 

in  inches 

i 

S ‘•‘it  ion* 

0 ,-3 , "6 

13*26 

2.OI4 

In. 

Ilk 

0,-3, -6 

18.36 

2 ,0l| 

In. . 

11  £ 

0,-3.' “6 

18.36 

2.04 

Out. 

16  j 

6 .0 . —6  • 

0 

4.08 

In. 

lira 

6 ,0  ,-6 

0 

4.08 

Out. 

16k 

Effect  of  missile  yaw;  ▼ * 0* 

e * o® ,2  * 

0" 

♦ 

in  decrees 

X 

in  inches 

Station* 

Pylon 

2,0, -2 

0 

In. 

On 

12a 

2,0, -2 

0 

Out  • 

On 

17a 

3,o,-3 

6.12 

In. . 

On 

12b 

3, 0,-3 

13.26 

In. 

On 

12o 

T.O  .-1 

- r w > 

— 

In. 

Off 

1 OA 

•Mm  ftMVft  ) 

1 

o 

«* 

rr\ 

13.26 

Ou  ti  ** 

On 

17b 

3,0, -3 

13.26 

Out . 

Off 

170  , 

6, 3, 0,-3, -6 

18.36 

In. 

On 

12®  ; 

6,3,0,-3,-A 

I8.36 

Out. 

On 

17d  i 



1 

Effect  of  missile  wing 
T “*  0°.  T_  - 0®.  x*0 

-incidence  setting*; 

« 

e. 

m 

in  degree* 

i.. 

" tr 

In  degrees 

A 

Av 

in  decrees 

X 

in  inohee 

Station^ 

1 

0 

0 , ill  ,1)  ,-8 

0 ,!|  ,-6 

0 

In. 

13a 

0 

1 0 

V 

3* 

I 

OS 

V 

0, It, -8,-12 

0 

Out . 

18a 

0 

0, ±l|  ,14,-8 

0 ,!j  ,-8 

6.12 

In. 

13b  | 

6 

0,±j|  ,h  ,-8 

0,6, -8 

6.12 

In . 

13® 

0 

0 ,±4,12,8, 
4,-4 ,-8,-12 

0,12,8. 

4,-4, -0,-12 

13.26 

In. 

13d 

6 

0 ,±4,12,8, 

4, -4, -0,-12 

0 ,12.6,4, 

-4, -6, -12 

13.26 

ln« 

13® 
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TADI  : 3 (Concluded) 

Tent 

Effect  of  missile  wing-inoidenoe  settings; 


f - O' 

6 

B 

In  dogreoa 
0 

6 

0 

6 

0 

6 


* O' 


0" 


H 


in  degrees  in  dagreoA 

| 0, ±14,12,0,  0,12,0,4, 

4,-4  #“8#— 12  1 —4  (“0, —12 

0,±4.12,l|,  i 0,12, 4, -4, 

-14,-12  -12 

0, ±4,12, 8,  | 0,12.0,4* 

4,-4*-fl*-12  -4,-0,  — 12 

i 0, ±4, 12,0,  , 0,12  0,4, 
•4, -4, -0,-12  -4, -0,-12 

o, ±4, 12,0,  , 0,12,0,4, 

4,  =4, -0,-12  — !j  , - 0 , — i r 

0,14,12,1,,  , 0^12,4, 


I 


-4,-12 


; -4,-12 


Effect  of  airplane  yaw;  f * 0° 
f X I 7. 

In  dog.  In  in.  J in  in. 
3, 0,-3  0 j 0 

3,0,- 3 0 I 0 

3,0,- 3 16.36  2.04 

10.36  2.04 


Gs 

in  dog, 

O 

0 
0 
0 


r\ 


0 


1 ■ > 

J 9yt  9 ~ J 

A — 1 
V 9''  9 J 

3, 0,-3 


0 


in  inches 

13.26 

13,26 

I8.36 

18.36 

10.36 
10.36 

Pylons 

1 on,  off 
6 on,  off 
1 
6 


1*  Aii 

• I 

4.00 


Effect  of  pylons;  T 

0 

Pylons 

1,2,  3,4  ,*5, 
6,7,3,9,10 


0. 


no 


, T " 0® 

Mist I on 

In. 

0u  t . 


■n 


Effect  of  dummy  missile  and  of  airplane  yaw; 


e » 

n 


0°,  t - 0°, 

* T 

In  degrees 

3,0, -3 
3, 0,-3 


0 ",  7*0" 
Dummy 


on  and  off 
on  and  off 


Figure 


Station 

Out . 

Out, 

In. 

In. 

Out . 

Out . 

I 

I 

Station1’ 

In.  14a 

Out.  19a 

In.  ! 14b 

I 

out.  ; 19b 

T~.  i n 1 

in*  I j.LfU 

190 


Out. 


3 ta lion 

In. 

Ou  t . 


Airplane  longitudinal  characteristics 

Model,  inverted,  tail  off 
Model  erect,  tail  on 


18b 

I80 

I3f 

13k 

lfld 

18a 


20a 

20b 


21a 

21b 

22b 
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Indox  of  Plguroa  Showing  Variation  of  Airplane  Intorf erer.55 
With  Dlatanoo  Forward  of  the  Carry  Portion 


Interference 
Gooff ioiant 

a 

a 

In  dogma  a 

■ 

a 

" 

In  degrees 

a 

In  degrees 

1 

Flgu.ro  | 

ACn 

- 

n 

0 

4 

1 

24  a 

■ 

0 

6 

10 

24  b ! 

AC 

in 

0 

0 

!| 

26  a 

a 

0 

<■ 

!0 

26  b 

I 

ACy 

0 

0 

4 

- • | 

20a  i 

0 

6 

10 

20b  ! 

1 

AOn 

0 

0 

4 

30a 

a 

C 

6 

10 

30  b 

AC 

0 

0 

4 

32o 

l 

0 

6 

10 

32b 

In  oaoh  fipuro  intarfomnoa  In  nhown  for  both  tho  Inboard 
and  outboard  n tat Iona  and  at  the  three  poult Ions,  * « 0 lnoh, 
1.02  lnahan,  and  2.04  Inchon. 
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TABLE  $ 


Index  of  Figures  Showing  Variation  of  Airplane 
Interference  With  Missile  Angle  of  Attaokc 


Interference 

Coefficient 

* * 

in  inches 

1 

* 

in  inohes 

! 

I 

Station*  j 

Figure 

• * 

0 

w ! 

I8.36 

In. 

2$a 

o j 

9.18,18.36 

Out. 

2«>b 

i 

1.02 

6.12,13.26,19.36 

Out. 

2^c 

AG- 

"a 

2.04 

0,6.12,13.26 

In. 

2$  d 

I 

} 

! 2.04 

0,6.12,15.36 

Out. 

2*e 

i 

1 

i 4.08  ; 

0 

In. 

25f 

1 l».08 

0 

Out. 

*68 

1 

0 

1 

18.36 

In. 

27a 

i 

! 0 

9.18,10.36 

Out. 

27b 

1 

AO 

! m. 

1.02 

6.12,13.26,18.36 

Out. 

27o 

2.04 

0,6.12,13.26 

In. 

27d 

2.04 

0,6.12,18.36 

Out. 

27a 

! 

\ 

4.08 

0 

• 

c 

Ht 

27f 

i 

4.08 

0 

Out* 

27g 

t~  - 

i 

« 

0 

IO.36 

In. 

29» 

0 

9.18,18.30 

Out. 

4 

29  b 

* 

• •A 

/ ^ n . » ->  / . D t. 

1 

1 A..  A. 

On  m 

AO- 

1 

i «ur. 

D.U,1).  tw  , 1 U • )U 

v/u  * « 

fc/W 

, 2.04 

0 ,6.12,13.26 

! In. 

29d 

■ 

2.04 

0.6.12,18.36 

Out. 

29  e 

4.08 

0 

In. 

29f 

1 4.08 

1 0 

1 

1 Out. 

29g 
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TABLE 


^ (Concluded) 


Interference 

Coefficient 

z 

In  Inches 

- 

X 1 

In  lnohes 

\ 

! 

3 tat. Ion* 

Figure 

0 

IB.  36 

In. 

31a 

0 

9.18,18.36 

Out. 

31b 

1.02 

6.12,13.26,18.36 

Out . 

3lo 

C> 

o 

2i0i| 

0,6.12,13.26 

In. 

31d 

n 

i 

2 .04 

0,6.12,18.36 

Out. 

3le 

| 

4. OB 

0 

In. 

3lf 

l 

L 

h.oO 

0 

Out . 

3lR 

1 

0 

I8.36 

In. 

33* 

j 

I 0 

9.18,18.36 

Out. 

33b 

1.02 

6.12,13.26,10.36 

Out . 

33o 

A ° 

2. oh 

0 ,6.12.13.26 

In. 

. 33d 

| 

w 

'J  A l« 
e^H 

A A 15  lfl.lA 

v*  p w • p — - » 

Out . 

33» 

1 

h.08 

! 0 

In. 

| 33f 

j h.oo 

0 

Out. 

1 

33g 

In  eaoh  figure  the  Interference  la  shown  et  both  a m 0® 
end  6°  * 

* in.  refers  to  the  inboard  station,  BL  - 16*26 
Out.  referee  to  tho  outboard  station,  BL  • 22.07 
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NOTICES  WHEN  OOVERNMENT  OH  OTHER  DRAWINGS,  gPSCinCATfONS  08  01818  DAT A 
XH11BED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WFI’H  A DBF1NFTLLY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  8.  GOVERNMENT  THEREH-T  INCURS 
NO  REBPONSIBIUrry,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  TB  AT  TR$ 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAV  SUPPLIED  T 8« 

SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  KB  NOT  TO  m REGARDED  HY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSSNfi  THE  HOLDER  OR  ANY  fc'VJ&R 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  It . VNUYACY URE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATES.?  THERETO 
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